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Introduction
Compelling scientific evidence shows that statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors) reduce the risk of recurrent coronary events and improve survival in patients after acute myocardial infarction (AMI) [1] [2] [3] [4] . The benefits are clear in several subgroups studied, including by gender, age and the presence of diabetes [5] [6] [7] [8] [9] [10] .
Nevertheless, surprisingly few patients with coronary heart disease (CHD) use statins. The two European Action on Secondary Prevention by Intervention to Reduce Events (EUROASPIRE) surveys in 1995-96 and 1999-2000 reported that CHD patients 70 years or younger underuse statin across Europe [11] . Both studies involved selected hospitals willing to participate, and hence an even lower proportion could be expected in Europe as a whole. A study of medical practices in the USA with high-volume prescription rates of lipidlowering drugs showed that 52% of CHD patients of all age groups were prescribed these drugs in 1998 [12] .
Each available study indicates that underuse of statin is likely to be widespread. A nationwide study including all hospitals is necessary to avoid the selection bias that may occur if only specialized centres are included. Denmark has unique potential for studying the use of medication on a national scale. All prescription-based dispensing from pharmacies has been systematically registered for each individual since 1995 using a unique civil registration number. This number, used for various administrative purposes, is permanent and assigned to each resident of Denmark. It provides a link to registries allowing each patient's history of hospitalization and medicine use to be tracked longitudinally. In Denmark, statins for AMI patients are strongly subsidized prescription-based drugs, implying that virtually all statins are purchased from pharmacies in Denmark by prescription. We thus studied the outpatient use of statins following hospitalization with first AMI between 1995 and 2002.
Methods
The National Patient Registry contains administrative data for each hospitalization in Denmark since 1978, including all diagnoses and procedures [13] . We used this to establish all cases with AMI as primary or secondary diagnosis (International Classification of Diseases (ICD)-10, codes I21-I22) between 1 July 1995 and 30 June 2002. We only accepted inpatient hospitalizations of patients 30 years or older. To study first hospitalizations with AMI, we further traced the hospitalizations of the selected patients back to 1978, using the ICD-8 code 410 in the period 1978-94. To ensure a similar period of history, each case was only included if the particular patient had not been recorded with an AMI in the preceding 17 years. We studied statin use within 6 months after discharge among patients alive 6 months after discharge to ensure equal potential to buy statins. We allowed for sequential admission to more than one hospital when determining the discharge date. Information on patients' vital status (dead or alive) was obtained from the Civil Registration System.
We divided the 73 hospitals providing acute care for AMI into three categories. Local community hospitals ( n = 35) are typically small hospitals with departments of surgery and medicine and some cardiologists. Main regional hospitals ( n = 33) are the central hospitals in Denmark's 16 health care regions with a range of medical specialities, including cardiology. Tertiary cardiac care centres ( n = 5) are university-affiliated hospitals with capacity for invasive treatment.
The Registry of Medicinal Product Statistics is a national prescription database on all outpatient pharmacy-dispensed prescription drugs in Denmark. The Registry was established in 1994 to provide complete statistics on the use of drugs in Denmark and is updated monthly. The pharmacies are legally obliged to provide this information, and reimbursement to pharmacies is linked to reporting through the Registry. Data on prescriptions are registered for each patient via the civil registration number. Each prescription record contains the date of purchase, the dispensing pharmacy, the prescribing physician and detailed information on the drug dispensed (anatomical therapeutic classification (ATC) system name, dosage, package size and formulation). The indication for treatment and prescribed daily dose are not registered.
All prescribed statins (ATC: C10AA) purchased by the identified AMI patient population from 1995 to 2002 were obtained from the Registry of Medicinal Product Statistics. Patients were defined as statin users if at least one statin was purchased within 6 months after discharge. This time frame was chosen to account for the statin reimbursement rules in Denmark that endorse at least 3 months of dietary intervention before reimbursement. Antidiabetic drugs and loop diuretics were used to classify the patients in connection with admission; hence a shorter time frame was chosen for these drugs. Insulin or oral antidiabetic drugs (ATC: A10) were used as a proxy for the presence of diabetes, and loop diuretics (ATC: C03C) were used as a proxy for the presence of heart failure. For both drugs, at least one purchase within 3 months before or 1 month after discharge was required.
Predictors of statin use within 6 months after discharge were estimated for nonprior users (patients not using statins 6 months prior to admission). Since both calendar year and gender and calendar year and age interacted significantly, the study period was divided into three periods: 1995-97, 1998-99 and 2000-02. Patients were divided into six age groups: 30-44, 45-54, 55-64, 65-74, 75-84 and ≥ 85 years. Parameter estimates were adjusted for gender, use of antidiabetic drugs, use of loop diuretics and type of admitting hospital. Multiple logistic regression with generalized estimating equations was used to estimate the model parameters and standard error to account for the effects of clustering at the hospital level [14] . All statistical calculations were performed using SAS software version 8.2 (SAS Institute, Cary, NC, USA).
The Danish Data Protection Agency approved the study. Data were delivered with anonymized but unique personal identification numbers, enabling anonymous linkage between registries on an individual level. According to Danish law, the project did not require approval by the regional committee on scientific ethics.
Results
We identified 61 656 patients with first AMI from 1 July 1995 to 30 June 2002; 16 437 patients died within 6 months after discharge and were excluded. The final cohort consisted of 45 219 patients. Table 1 shows the patient characteristics. During the 7-year period, the proportion of elderly patients discharged and alive more than 6 months after first AMI increased. One average, women were 71.1 years of age, and men 64.3 years. The proportion of men declined with increasing age; 81% of the patients aged 45-54 years were men vs. 36% among those ≥ 85 years. The proportion using statins prior to admission reached 7% in 2000-02; of these, more than 94% continued statin use after discharge.
The statins comprised 97.2% of the lipid-lowering drugs used as first choice within 6 months after discharge in 1995-97, 99.1% in 1998-99 and 99.7% in 2000-02.
In 1995, 13% of all first AMI patients purchased a statin within 6 months after discharge; this number increased to 61% Table 2 shows predictors of statin use among nonprior users. Statin use was strongly and inversely correlated with increasing age. For example, in 2000-02, patients aged 65-74 years were 45% (95% confidence interval (CI) 39-50%) less likely to use statin than the reference group of patients aged 55-64 years. Figure 2 shows odds ratios for statin use by gender within each age group. Among patients 55 years or older, women were more likely to use statins than men in 1995-97 but not in 2000-02. Among patients younger than 55 years of age, the proportion of men using statins increased more rapidly than that of women during the period.
Patients using antidiabetic medicine or loop diuretics were less likely to use statins than patients not using these drugs (Table 2) . Early in the period, patients discharged from tertiary cardiac care centres tended to use statins more often than patients discharged from local community hospitals; in the middle of the period this trend accelerated, but statin use at the end did not differ according to discharging hospital (Table 2) . For new statin users (nonprior users who initiated statin treatment after admission), the time elapsed between discharge and the statin purchase decreased markedly during the period (Figure 3 ). The decrease was pronounced between 1998 and 1999, when the proportion of new users purchasing a statin within 1 week after discharge increased by 73%. A total of 74% of new users purchased their first statin within 1 week in 2002.
The tendency towards earlier statin initiation during the period also reflects the type of physician who prescribed the first statin. In 1995-97, 1594 of the 2379 new users (67%) purchased statin prescribed by hospital physicians and 774 (33%) by general practitioners. In 2000-02, 6576 of the 7943 new users (83%) purchased statin prescribed by hospital physicians and 1315 (17%) by general practitioners.
Among the new statin users, simvastatin, pravastatin and atorvastatin were the three most frequently used statins. Simvastatin constituted 87% of the first statin purchases in 1995 and 56% in 2002, pravastatin constituted 5% in 1995 and 35% in 2002 and atorvastatin constituted 6% in 1997 and 10% in 2002. The initial dose of these three statins increased during the period ( Figure 4 ).
Discussion
Statin use increased significantly after first AMI among both men and women of all ages from 1995 to 2002, and the increase did not diminish at the end of the period. Among surviving patients with first AMI aged 30-64 years, 81% received statins within 6 months after discharge in 2002. Our study confirms and expands on previous work on the prescribing of statins for AMI patients [11, [15] [16] [17] . We demonstrated that the increase in statin use found in the EUROASPIRE I and II surveys as well as in studies in Denmark seems to have continued [11, 18] . The EUROASPIRE I and II surveys found that the percentage of AMI patients aged £ 70 years receiving statins at least 6 months after discharge increased from 17% in 1995-96 to 59% in 1999-2000. Both studies involved selected hospitals willing to participate. In comparison, our study involved all hospitals, thereby avoiding selection bias, and the proportion of patients aged £ 70 years using statins within 6 months from discharge was 23% in 1995-96, 58% in 1999-2000 and 78% in 2002.
The observed increase in statin use during the period coincides with the publication of several landmark statin trials on secondary prevention after CHD. These include the Scandinavian Simvastatin Survival Study in 1994 [1] , the Cholesterol and Recurrent Events Trial in 1996 [2] , the Long-term Intervention with Pravastatin in Ischaemic Disease (LIPID) study in 1998 [3] and the Heart Protection Study in 2002 [4] . All these trials showed that statins improved long-term morbidity and mortality after a CHD event and resulted in focus on statins and the implementation of guidelines recommending the use of statins. Further, AMI was redefined in 2000 in Denmark as well as in most of Europe, and this probably resulted in more focus on treatment guidelines. These circumstances presumably account for much of the observed increase in use.
The strength of our study is that it is a nationwide registry-based study of all hospitals in Denmark. Population-based record linkage studies are an efficient method of measuring drug utilization in actual populations, allowing both genders of all ages to be studied, unlike the large clinical statin trials, which have mainly focused on middle-aged men [5] . Our findings reflect the actual statin purchase among outpatients and not just the prescription patterns of physicians, thereby avoiding overestimating statin use when patients do not purchase their prescribed statin. 
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Subgroup analysis of several trials with statins conducted during the 1990s strongly suggested that therapy to lower concentrations of low-density lipoproteins (LDL) significantly reduces the risk of CHD in older people [5] . But the Heart Protection Study and the Pravastatin in Elderly Individuals at Risk of Vascular Disease (PROSPER) trial, both published in 2002, strongly justify intensive LDL-lowering therapy in older people with established cardiovascular disease, and the Adult Treatment Panel III of the National Cholesterol Education Program in the USA published revised guidelines in 2004 recommending LDL-lowering therapy with statins in older people with established cardiovascular disease [4, 8, 19] . In the PROSPER trial, 5804 patients (2565 with a history of vascular disease and 3239 with risk factors for vascular disease) aged 70-82 years with good cognitive functioning were randomized to pravastatin 40 mg or matching placebo daily for 3.2 years [8] . Pravastatin was well tolerated, and CHD mortality declined significantly. The PROSPER trial criteria indicate no dementia and an expected lifetime of at least 3 years before statin treatment is initiated among patients aged 70-82 years; evidence is still lacking for even older patients. In Denmark, 7% of people aged 65-84 years have dementia, and 76% of our patients aged 70-82 years in 1995-99 survived more than 3 years after the AMI [20] . Based solely on these two criteria, about 70% of patients aged 70-82 years would be eligible for statin treatment. In our study, 52% in this age group used statins in 2002. Age and the likelihood of using statins were inversely related, which other investigators have found [21] , but we also found that patients 75 years or older experienced a 33-fold increase in use during the period, making them the age group with the highest relative increase in use.
Elderly women were more likely to receive statins than elderly men early in the period, even though evidence at that point did not support use among elderly women with AMI [22, 23] . At the end of the period, 
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Percentage of patients young men used more statins than young women, whereas elderly patients did not differ by gender. A possible reason is that it is men who predominantly experience AMI at younger ages, and hence most clinical trials have focused on men [5] . This has resulted in a lack of evidence that women benefit from statin therapy, and only recently have meta-analyses stated that lipid-lowering significantly reduces CHD mortality as secondary prevention among women [5, 10] . Today, statin therapy after AMI should not differ by gender; this was true for elderly people, but more focus is needed on younger women with AMI. Our study included the paradox that high-risk patients receive less evidence-based therapy than low-risk patients [21] . AMI patients with ( vs. without) diabetes have a substantially higher risk of further cardiovascular events and mortality and benefit significantly from statin therapy [6, 24] . Nevertheless, patients with ( vs. without) diabetes used fewer statins after AMI, although this seemed to change in 2000-02, with a trend that young patients with ( vs. without) diabetes used more statins (OR 1.31; 95% CI 0.61-2.78). AMI patients with ( vs. without) presumed heart failure (using loop diuretics) used fewer statins, which concurs with reports from the USA [12] . Whether or not statins have beneficial effects in patients with ischaemic heart failure remains to be firmly established, but several studies have shown beneficial effects in this group. Horwich et al. [25] studied a cohort of 551 patients with systolic heart failure and found that statin therapy was associated with improved survival in both nonischaemic and ischaemic patients at 1-year follow-up. Subgroup analyses of the Cholesterol and Recurrent Events Trial revealed that pravastatin significantly reduces coronary events among patients with an ejection fraction between 26% and 40% [2] . A retrospective analysis of the Evaluation of Losartan in the Elderly II (ELITE II) trial found that patients with symptomatic heart failure who received statin therapy had significantly lower mortality than did patients not on statin therapy [26] . There seems to be great potential for improving statin therapy among heart failure patients.
Initiating early in-hospital statin therapy has been found to reduce mortality and increase statin compliance among CHD patients [27] [28] [29] [30] . Although no guidelines in Denmark recommend early statin initiation among CHD patients and the reimbursement rules endorse 3 months of dietary intervention before reimbursement, the proportion of prescriptions dispensed by hospital physicians increased and the time elapsed between discharge and the first statin purchase decreased, indicating that in-hospital initiation increased during the period.
The decrease in time elapsed was especially marked from 1999, when the statin reimbursement rules were eased such that the physician no longer needed to complete an individual reimbursement application.
The Danish Medicines Agency reports that 47% of all statin users in Denmark in 2002 used simvastatin, 13% pravastatin and 36% atorvastatin. This is in contrast to our findings that 56% used simvastatin, 35% used pravastatin and 10% used atorvastatin in 2002. We cannot explain this difference, but hospital physicians and general practitioners seem to differ in preference of type of statin. Since our data do not indicate whether the general practitioner chose statin type after recommendation from the hospital, we cannot meaningfully investigate whether hospital physicians and general practitioners differ in the type of statin used as first choice.
Among the simvastatin users, only 29% purchased 40 mg or more as the initial dose in 2002, the dose reducing mortality significantly in the Heart Protection Study [4] . However, 82% of pravastatin users purchased 40 mg as the initial dose in 2002, the dose reducing mortality in the LIPID study [3] .
The validity of registry studies depends on the quality and completeness of data. The validity of the AMI diagnosis in the National Patient Registry has been found to be high, but this is not the case for the coding of the secondary diagnoses of diabetes and heart failure, so we chose to use antidiabetic drugs as a proxy for diabetes and loop diuretics as a proxy for heart failure [31] . Applying antidiabetic drug use as a proxy for diabetes covers at least 85% of patients with diabetes, and this method is highly valid [32] . In Denmark, 37% of AMI patients had signs of congestive heart failure [33] . Only 8.5% of our study population had a diagnosis of heart failure (ICD-10 I50) together with the AMI, whereas 35% of our population used loop diuretics 3 months before or 1 month after admission. Eighty-three per cent of the heart failure patients used loop diuretics. Thus, we find that using loop diuretics as a proxy for heart failure is acceptable, although it somewhat underestimated the number of heart failure patients.
The Registry of Medicinal Product Statistics relies on data collected at the pharmacy level in a similar automatic fashion nationwide. Denmark has several regional prescription databases receiving similar data from the pharmacies. These databases are very complete [34] . Further, the dispensed dose is highly concordant with the daily dose prescribed, which is important since the registry does not contain this information [15] . Experience from similar databases demonstrates that automated dispensing data are clearly superior to any data relying on patient recall, since they are collected when the drug is purchased and are therefore not influenced by patient recall bias [35] . We assume that the patients ingested the purchased statin: one reason is that patients in all cases pay about 25% of the price of the drug.
We have no information about the cholesterol level of each patient and therefore do not know how many patients would qualify for statin treatment. However, a study [16] showed that 76% of AMI patients discharged alive in Denmark in 1993-97 qualified for lipidlowering treatment because total cholesterol exceeded 5.4 mmol l -1 . This number is even higher today, since Denmark's guidelines from 1998 to 2002 recommended giving statins to CHD patients when total cholesterol exceeded 5.0 mmol l -1 and from 2002 when total cholesterol exceeds 3.5 mmol l -1 . A trial of patients hospitalized for acute coronary syndrome [36] showed that reducing LDL to 1.6 mmol l -1 using 80 mg of atorvastatin vs. a reduction to 2.5 mmol l -1 using 40 mg of pravastatin further reduced the hazard ratio by 16% for the primary end-point, which was a composite of death from any cause and cardiovascular events. This trial (together with especially the Heart Protection Study has shown that practically all CHD patients benefit from statin therapy regardless of their initial cholesterol level [4] .
In conclusion, this nationwide study of statin use among all first AMI outpatients in Denmark in 1995-2002 found that the proportion of patients aged 30-64 years who purchased a statin within 6 months after discharge reached a very high level in 2002. Given the clinical evidence of the benefit of statin therapy among elderly AMI patients, the statin use in this group was still low, although increasing rapidly [8] . Elderly patients did not differ by gender in 2000-02, but younger men were more likely to use statins than younger women. Patients with diabetes and heart failure patients are being undertreated, and more focus is needed on these high-risk AMI patients.
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